At the beginning of atherosclerosis before evidence of morphological lesions or plaques, vascular distensibility or arterial compliance decreased gradually. This endothelial dysfunction is regarded as an early feature of atherosclerosis. In a randomized, double-blind study design, group I (12 patients; 7 males, 5 females) with serum LDL-C levels higher than 170 mg/dL and without any other risk factor for atherosclerosis received three months of 20 mg/day atorvastatin treatment while group II (8 males, 4 females) with the same characteristics received 80 mg/day. Baseline and posttreatment serum lipid fractions and arterial compliance were measured. Arterial compliance was measured noninvasively in the left common carotid artery with color Doppler ultrasound. Atorvastatin reduced total cholesterol (TC), LDL-C, and triglyceride levels by 32% (P < 0.001), 40.8% (P < 0.001), and 19% (P < 0.001), respectively, and increased HDL-C by 6.9% (P = 0.002) in the first group. In the second group these reductions were 38.5% (P < 0.001), 46.2% (P < 0.001), and 26.78% (P < 0.001), respectively, and the increase in HDL was 7.8% (P = 0.03). It was observed that the decrease in serum TC, LDL-C and triglyceride levels were significantly higher in the second group than the first group. With atorvastatin, the distensibility coefficient (DC) and compliance coefficient (CC) increased from 18.7 ± 3.4 to 21.3 ± 2.9 10 -3
.kPa -1 (P < 0.001) and from 0.69 ± 0.05 to 0.77 ± 0.03 mm 2 .kPa -1 (P < 0.001) in the first group while they changed from 18.3 ± 3.6 to 21.9 ± 3.0 10 -3
.kPa -1 (P < 0.001) and from 0.70 ± 0.04 to 0.81 ± 0.01 mm 2 .kPa -1 (P < 0.001) respectively, in the second group. DC and CC increased in both groups, but the differences between the groups were not significant. High doses of atorvastatin reduce blood lipid levels more than conventional doses, however, the change in compliance is not dose-dependent. As endothelial dysfunction is regarded as an early feature of atherosclerosis, there would be no need to administer aggressive doses in a patient without any risk factors other than hyperlipidemia. (Jpn Heart J 2003; 44: 953-961) IT is known that the atherogenic process begins early in life, but there is a long latent period before the appearance of the first clinical signs of arterial disease, such as angina or myocardial infarction. Detection of early changes in atherosclerosis would allow the early treatment and prevention of cardiovascular disease. 1) Before any evidence of morphological lesions or plaques, endothelial dysfunction, such as impairment in endothelium dependent vascular tone regulation may occur.
2) Vascular distensibility or arterial compliance decreases gradually. 3, 4) This endothelial dysfunction is regarded as an early feature of atherosclerosis. 5) Arterial distensibility can be studied noninvasively in vivo and measures of arterial stiffness have been proposed as surrogate markers for atherosclerosis. 6, 7) LDL is a major risk factor for atherosclerosis. It was reported that high levels of LDL cause a decrease in arterial compliance and administration of atorvastatin lowers the cholesterol level and reduces the prevalence of atherosclerotic events. 6, 7) There have been studies on the effects of atorvastatin on serum lipid levels and arterial compliance. Some investigators administered conventional doses while some prefer aggressive therapy, but there is no study comparing these different doses according to their effects on arterial compliance.
In the current study, all other risk factors other than hyperlipidemia were excluded and the effects of conventional doses on lipid levels and arterial compliance were compared with high doses. Our aim was to determine whether the decrease in lipid levels correlated with the increase in arterial compliance and if these changes were dose-dependent.
METHODS
Twenty-four hypercholesterolemia cases (15 men, 9 women) were enrolled in the present double-blind, randomized study. Twelve patients (7 males, 5 females; group I) received three months of treatment with 20 mg/day of atorvastatin, while the other 12 patients (8 males, 4 females; group II) received 80 mg/ day.
Patients with an LDL-C value greater than 170 mg/dL were included. They had no other risk factors for atherosclerotic vascular disease, and had never received hypolipidemic treatment. The exclusion criteria were hypertension (> 140/90), any signs or symptoms of atherosclerotic vascular disease, diabetes mellitus and other endocrine disorders, obesity (BMI > 27), drugs that may affect lipid metabolism, smoking, and alcoholism. All of the female participants were postmenopausal and none were taking hormone replacement therapy. Patients with elevated liver enzymes and with known sensitivity to drugs were also excluded.
Vol 44 No 6 At baseline, ambulatory blood pressure, arterial compliance of the common carotid artery (CCA), fasting lipid profile, and cardiac structure and function by echocardiography were determined in all patients.
Ambulatory blood pressure was measured using the A and D company limited TM-2421 ambylotory blood pressure recorder which is recommended by the British Society of Hypertension and European Society of Hypertension. 8) Ultrasonographic examinations were performed in a quiet, temperature-controlled room (22°C). All patients rested for 20 minutes before the examination. The examinations were all done between 8 30 and 10 00 AM after overnight fasting. They were performed with a color Doppler ultrasound unit (Siemens Elegra, Erlangen, Germany) equipped with a 4-7.5 MHz lineer transducer, MHz transducer. Patients were examined in the supine position. All ultrasonographic measurements were performed by an experienced radiologist who was blinded to the grouping of the patients. B-mode ultrasound scans of the left common carotid arteries were performed with this technique. The lumen diameter of the common carotid artery, one centimeter proximal to the bulb, was measured as the distance between intimae-blood interfaces anteriorly and intimae-blood interfaces posteriorly. All measurements were made at the time of scanning on frozen images of longitudinal scans using the electronic calipers of the machine. Systolic and diastolic lumen diameters were taken separately using the cine-mode and the difference between them was estimated ( Figure) .
The difference between the anterior and posterior wall represented arterial distension, which was the change in diameter during one heart cycle. Data for arterial diastolic diameter (D) and distension (∆D) were obtained for each heart beat. Brachial blood pressure was measured with a semiautomatic oscillometric device (Dinamap). Pulse pressure was defined as systolic minus diastolic pressure (∆P). Vessel wall properties were calculated according to the following equations:
Each measurement was repeated three times on one occasion and the mean value for each measurement was calculated. The measurements of 10 different patients were obtained twice (2 hour interval) and the repeatability coefficients (RC) values were 0.35 mm for systolic diameter and 0.18 mm for diastolic diameter, which were not statistically different from zero. 11) Baseline and posttreatment lipid determinations were done. Blood was collected from the antecubital vein after an overnight fast. Serum total cholesterol (TC), HDL-C, triglycerides (TG), ALT, AST, and CPK values were measured using standard enzymatic methods with a fully automated analyzer (Olympus AU-800). LDL-C was calculated. sured using the American Society of Echocardiography convention from Mmode images of the left ventricle, generated in the short axis view at the level of the mitral chordae (2.5 MHz; Hewlett Packard 2500). Using these measurements, left ventricular mass (LVM) and left ventricular mass index (LVMI) were calculated. 13, 14) Statistical values are expressed as the mean ± SD. Comparisons within groups were evaluated by the paired t test and between groups by Student's t test. Statistical significance was accepted at the 96% confidence level.
RESULTS
The 24 patients comprised a relatively homogenous group in that 12 of them receiving the 20 mg dose and the other 12 receiving 80 mg had similar relevant characteristics such as age, gender distribution, BMI, and blood pressure. More importantly, they had similar plasma TC, TG, LDL-C, and HDL-C levels (Table  I) .
Blood pressures did not change on average from baseline values and were similar with 20 mg and 80 mg. The baseline and last systolic pressure values in group Ι (20 mg) were 126.9 ± 6.5 and 125.7 ± 5.8 mmHg while they were 128.8 ± 3.4 and 127.8 ± 4.1 mmHg in group II (80 mg), respectively. The diastolic values were 81.5 ± 3.4 versus 80.0 ± 5.0 mmHg in group I and 83.5 ± 2.9 versus 81.7 ± 2.8 in group II (Tables II and III) .
Treatment with 20 mg of atorvastatin reduced the TC, LDL-C, and TG levels by 32% (P < 0.001), 40.8% (P < 0.001), and 19% (P < 0.001), respectively. In Table I the high dose group (group II), these changes were 38.5% (P < 0.001), 46.2% (P < 0.001), and 26.78% (P < 0.001), respectively. HDL-C increased by 6.9% (P = 0.002) in group I and by 7.8% (P = 0.03) in group II (Tables II and III) . DC and CC were higher in both groups after the treatment. In group I, DC increased from 18.7 ± 3.4 to 21.3 ± 2.9 10
.kPa -1 (P < 0.001) while it increased from 18.3 ± 3.6 to 21.9 ± 3.0 10 -3 .kPa -1 (P < 0.001) in group II. CC also increased from 0.69 ± 0.05 to 0.77 ± 0.03 mm 2 .kPa -1 (P = 0.01) and from 0.70 ± 0.04 to 0.81 ± 0.01 mm 2 .kPa -1 (P < 0.001) in group I and II, respectively (Tables II and III ). The differences in TC (P < 0.001), LDL-C (P = 0.002), and TG (P = 0.008) between the groups were significant, while the differences in HDL-C (P = 0.078), DC (P = 0.172), and CC (P = 0.761) were not (Table IV) . 
DISCUSSION
The relationship between serum lipid levels and arterial compliance was investigated and the effects of conventional and high dose lipid lowering treatments on serum lipid levels and arterial compliance were compared.
Atorvatatin reduced the serum lipid levels and this reduction was dosedependent. In other words, 80 mg of atorvastatin was significantly more effective than 20 mg at reducing serum lipid levels (38.5%, 46.2%. 26.78% vs 32%, 40.8%, 19%).
DC and CC increased in both groups after the treatment. There was no significant difference between the groups. The change in arterial compliance did not increase by increasing the drug dose. Therefore, the change in arterial compliance was not dose-dependent.
In all published studies, it was concluded that both conventional and high doses caused an increase in arterial compliance in addition to the reduction in serum lipid levels, 13, 15, 16) however, there is no study comparing the effects of different doses on arterial compliance.
The integrity of the endothelium is impaired in patients with atherosclerosis or hypercholesterolemia, presumably because of a direct injurious effect of elevated levels of LDL-C on the endothelium. 17) Moreover, hypercholesterolemia has been suggested to stimulate the generation of superoxide radicals by the endothelium. Superoxide directly inactivates NO and may also increase the subsequent oxidation of LDL particles by the formation of peroxynitrite. A reduction in serum cholesterol is associated with the normalization of oxygen-derived free radical production. 18) Thus, a decrease in free radical production and consecutively less degradation together with increased synthesis of NO can explain the observed improvement in the bioavailability of NO and thus in endotheliumdependent vasodilatation in the patients. 19) It is clear that NO is the effective fac- Before any evidence of morphological lesions or plaques, endothelial dysfunctions such as impairment in endothelium-dependent vascular tone regulation may occur. Vascular distensibility or arterial compliance decrease gradually. This endothelial dysfunction is regarded as an early feature of atherosclerosis. Arterial distensibility can be studied noninvasively in vivo and measures of arterial stiffness have been proposed as surrogate markers for atherosclerosis. Therefore, a decrease in arterial compliance can be taken as the starting point of atherosclerosis. The main purpose should be to prevent the progression of arterial stiffness.
Of course lipid levels, which are the main factors in the progression of atherosclerosis, must be lowered, but is it necessary to use aggressive doses in patients without any known risk factors except severe hyperlipidemia.
In our study, we saw that arterial compliance increased with both 20 mg and 80 mg of atorvastatin; however, the change in arterial compliance between these two groups was not significantly different. As it is known that arterial stiffness increases due to impairment of NO by elevated LDL, we can conclude that low doses of atorvastatin are sufficient to overcome the effect of free radicals on NO bioavailability.
The adverse effects of a drug are also important and increase with an increase in dose. The incidence of hepatotoxicity with conventional doses was estimated to be 0.7% while it was 2.3% with aggressive doses. 21) It is also clear that the cost increases as the dose increases. As there was no significant difference in the change in compliance, it does not seem right to spend more and increase the risk of adverse effects due to administration of high doses in patients without any risk factors other than hyperlipidemia.
